ABSTRACT -Objective: To evaluate the influence of gestational age (GA) and birth weight (BW) in the clinical assessment of the muscle tone of healthy term and pre t e rm newborn s . Method: C ross sectional study. The muscle tone of healthy 42 pre t e rm and 47 term newborns was quantified and measured with a goniometer (an instrument for measuring angles) respectively between 7 th -14 th day of life and 24-48 hours of life. Newborns were grouped according to GA and BW and evaluated at fixed time intervals by one examiner. P re t e rmnewborns were matched to term at 40 weeks postconceptional age (PCA). Results: The evolution of muscle tone in the pre t e rm occurred gradually, following PCA, independent of birth weight. Pre t e rm n e w b o rns had lower scores in all muscle tone indicators when compared to term at the first assessment. D i ff e rences were observed among pre t e rm small for GA and adequate to GA for the indicator heel to ear (p<0.001). When compared at 40 weeks PCA, except for posture, all other indicators were significantly diff e rent (p< 0.001) among gro u p s . Conclusion: P rematurity and intrauterine malnutrition are influential factors in some indicators of the newborn muscle tone state. Muscle tone assessment of pre t e rm infants does not seem to be influenced by birth weight, however evolution is clearly related to postconceptional age. When we compared term newborns AGA and SGA it seems to have a clear influence of the birt h weight on some indicators of the muscle tone. The use of devices such as the goniometer allows the perf o rmance of a more objective assessment of muscle tone and helps to quantify findings.
Advances in perinatal care and the incre a s i n g number of neonatal intensive care units with high level of technology have significantly contributed for the reduction of mortality and morbidity of high risk newborns. Despite the technological and scientific pro g ress, newborns that re q u i re neonatal intensive assistance are estimated to be at higher risk to develop neurological pro b l e m s 1 , 2 Both, l o w b i rth weight and pre m a t u r i t y, as well as neonatal clinical problems like seizures, perinatal asphyxia, necrotizing enterocolitis, intraventricular hemorrhage and others, are considered frequent risk factors to neurological sequels and unfavorable neurological outcome 2 , 3 . Approximately two-thirds of all deaths occurring during the first month of life a re related to prematurity placing it as the main cause of neonatal death. Intrauterine growth delay appears in second place with 14% of all the stillborn and 6% of all the neonatal deaths 4. Recent studies concerning the influence of intrauterine gro w t h restriction (IUGR) in morbidity and mortality of p re t e rmnewborns have observed that each marker of IUGR was associated with increased mort a l ity and more adverse outcome [5] [6] [7] [8] . A c c o rding to Lubchenco the importance of b i rt h weight and gestational age in the prognosis of n e w b o rnbabies is justified for the important ro l e that both re p resent in the maturation of many systems in preterm infants 9 . Therefore, birth weight and gestational age are variants interrelated and possible deviations out of the range of normality in any of these parameters may predispose the appearance of neurological pro b l e m s 2 . About 70% t o 75% of newborns that are discharged from the intensive care units still present low to medium risk for problems in the neurological development and this ratio increases as the weight and gestational age decre a s e s 1 0 . Intrauterine malnutrition seems to influence central nervous system (CNS) maturation anatomically and functionally 11, 12 . Newborns with low birth weight frequently show abnorm a l ities in their neurological outcome. These abnorm alities might be transitory and expressed as depre ssion in posture and movement, as well as diminished muscle tone and coarse motor functions ret a rd a t i o n 1 3 . It has been previously established that the development of muscle tone of pre t e rm and t e rmnewborns is intimately related to CNS maturation, there f o rethe clinical evaluation of muscle tone is a reliable indicator of the neurological status in the neonatal period 13, 14 . The aim of this study was to evaluate the influence of gestational age and birth weight in the d evelopment of muscle tone in pre t e rm newborns a n d also to compare the clinical assessment of muscle tone in pre t e rm and term newborns matched at 4 0 weeks of conceptional age (CA). We propose the use of graduated scales and goniometry to measure the angles with the purpose to obtain more re l iable and objective results.
METHOD
A cross-sectional study associated to a pro s p e c t i v e b i rt h -c o h o rt of pre t e rm and fullterm infants was developed. Newborns were selected in the Neonatal Intensive C a re Units (NICU) and in the Nurseries of Hospital São Lucas, University Hospital of the Pontifícia Universidade Católica do Rio Grande Do Sul (HSL -PUCRS) and the Hospital da Criança Nossa Senhora da Conceição (HCN-SC), both located in Porto Alegre -Brazil.
Patients -N e w b o rns from the two institutions, admitted by the Brazilian social security system (SUS -Brazil), w e re selected over a 12 months period, consecutively included in the sample, and randomized to one of the study groups according to the following criteria: Gro u p s I and II consisted of pre t e rm newborns (gestational age <37 weeks), without neurological disorders, with birth weight respectively adequate for gestational age (AGA) or small for gestational age (SGA); Groups III and IV consisted of normal term newborns (gestational age 37 <42 weeks) AGA or SGA.
The nutritional status (birth weight) in relation to gestational age was classified in accordance to Battaglia and Lubchenco scales, which are widely used in our c o u nt ry 1 5 . The pediatric gestational age was calculated by the neonatologist using the Capurro method for term infants and the New Ballard method for preterm newb o rn s 1 6 , 1 7 . Concepcional age was calculated as gestational age plus days/weeks of extra uterine life. Pre t e rm n e wb o rns should have an Apgar score at the 5 t h minute higher than 7, term newborns should have Apgar scores higher than 7 at the 1 s t minute and higher than 8 at the 5 t h minute. Exclusion criteria for pre t e rm newborns were the use of mechanical ventilation, the diagnosis of neurological disorders, cardiopathies, abandonment of the study before the 40 t h week of CA or be carrying out precocious stimulation. Exclusion criteria for term newborn s w e re abnormal neurological examination or suspicion of any clinical or surgical neonatal problem.
The Ethics Committee of both hospitals approved the p roject and written informed consent was obtained fro m the parents authorizing the assessment of their child.
P ro c e d u res -
The same person perf o rmed the first examination and follow-up. The first assessment of pret e rm newborns occurred between 7 and 14 days after birth, in the NICU, without clothing, inside the incubator or warm cradle. These newborns were follow-up un- Data are presented as mean ± standard deviation. Non coincident index letters represent statistically significant differences to the Post Hoc test of Student-Newnaw-Keuls.
til they reached 40 weeks concepcional age. If they were d i s c h a rged from hospital before reaching this age, the second evaluation was scheduled in the neuro d e v e l o pment outpatient clinic or at home. Te rm newborns were submitted to only one evaluation between 24 and 48 hours after birth, in the hospital, before discharge. The neurological assessment was based on the pro t ocol used in the Division of Neurology of the Hospital São Lucas -PUCRS 1 8 . Muscle tone evaluation was adapted for this re s e a rch from the protocols proposed by S a i n tAnne Dargassies, Ballard et al., Amiel -Tison and Gosselin e Dubowitz et al. 1 3 , 1 9 . Six posture patterns were evaluated in the infants. Posture, scarf sign and heel-toear maneuver were measured through scores graduated f rom 0 to 5, in this graduation lower scores were re l a ted to immaturity. Wrist-flexion was measured with the gon i o m e t e r, in degrees (from 90 to 0 o ), larger angles were related to immaturity. The angle resulting from the arm recoil maneuver was also measured with the goniomet e r ( f rom 180 to 0 o ) larger angles were related to immaturit y. The popliteal angle was also measured in degrees t h rough goniometry, and larger angles (close to 180 o ) were related to immaturity (Fig 1 A,B) .
The examiner was not blind for the groups, when doing the muscle tone assessment, due to obvious visual differences between the newborns.
Statistical analysis -The comparison of muscle tone development in pre t e rm newborns at 7-14 days of life and at 40 t h weeks was made with a non-parametric test (Wi lcoxon for paired samples). The comparison of pre t e rm n e w b o rns, matched to term newborns at 40 weeks postconceptional age was analyzed through the variation analysis (ANOVA-Oneway). The localization of diff e re n c e s between the groups was determined through the test of multiple comparisons Post Hoc Student-Newnaw-Keuls. Sample size was previously estimated in order to re a c h the significance level adopted of 0.05. The database was mounted in the Excell program and the statistical analysis was perf o rmed with SPSS program version 11.0.
RESULTS
After the first assessment two pre t e rm SGA n e wb o rns died and one presented seizures and evolved to mechanical ventilation. Four pre t e rm infants, being three of them AGA and one SGA did not re t u rned to the 40th week postconceptional age visit and were lost for follow up. A final sample of 89 newborns (27 males and 62 females) was re ached. Group I (pre t e rm AGA) consisted of 27 infants with gestational age ranging from 31 to 35 weeks (mean 33.5 ± 1.1), Group II (pre t e rm SGA) consisted of 15 infants with gestational age between 32 and 36 weeks (mean 33.9 ± 1.6), Group III ( t e rmAGA) was constituted by 24 newborns with gestational age of 40 weeks and Group IV (term SGA) consisted of 23 infants with gestational age between 39 and 40 weeks (mean 39.9 ± 0.3). Table 1 shows the first assessment of muscle tone in pre t e rmnewborns compared to term, significant diff e rences were observed in all score s . When evaluating the influence of birth weight ( p re t e rm AGA compared to SGA) significant diff erences were observed only in the heel to ear man e u v e r. However, when comparing term AGA to term SGA newborns, significant differences were o b s e rved on 5/6 measurements, suggesting an influence of intrauterine malnutrition in the muscle tone of term newborns. Tables 2 and 3 shows muscle tone evolution of p re t e rminfants between the first and the second evaluation (40 t h weeks). Both groups pre s e n t e d significant diff e rences when comparing the first to the second evaluation, suggesting an influence of conceptional age on muscle tone. Table 4 shows the results of the 4 groups matched at 40 weeks CA. Except for posture and wrist flexion significant diff e rences were observed between the groups. The arm recoil maneuver and the s c a rf sign showed similar results between pre t e rm g roups (AGA and SGA). However, significant diff e rences were observed between term groups (AGA and SGA) and between pre t e rm and term newborn s . M e a s u re ments of popliteal angle and heel-to-ear maneuver had similar scores between pre t e rm newb o rns (AGA and SGA) and SGA term newborns and w e re significantly diff e rent from term AGA.
DISCUSSION
The present study had as objective to evaluate the influence of gestational age and birth weight in the muscle tone of newborns. Possibly, the most i m p o rtant aspect of our study, and the diff e re n c e f rom previous studies was the use of the goniomet ry for the measurement of the muscle tone indicators, since this method allows greater pre c i s i o n . Most of the studies related to the maturation of muscle tone are based on visual observations of t h e researcher.
Comparing pre t e rm and term newborns, we h a v e o b s e rved that pre t e rm AGA and SGA have pre s e nted muscle tone more immature than their term c o u n t e r p a rts (term AGA and SGA). Our findings w e re similar to van-Kranen-Mastenbrock and collab o r a t o r s 2 0 . Palmer and collaborators observed that p re t e rminfants presented a more extended posture in the first and fifth day of life when compare d to term infants and later when paired at 40 weeks concepcional age 2 1 . Diff e rences between our study and the former can be explained as 34% of the p ret e rm newborns evaluated by these authors had g e stational age lower than 32 weeks. Besides, they did not exclude serious complications related to prem at u r i t y, like hyaline membrane disease and septicemia. Another justification could be related to the s t ress of delivery. In our study the pre t e rm infants w e re evaluated between 7 and 14 days of life and the term newborns between 24-48 hours of life to avoid stress of delivery and more severe clinical instability while in the previous study this evaluation was made between the 1 st and 5 th day of life.
The influence of birth weight on the indicators of muscle tone was observed when we compare d t e rmAGA to SGA newborns. Te rm SGA newborn s p resented diminished muscle tone in all indicators studied, except for posture. Curiously, the heel to ear maneuver was also the only one to suffer the influence of birth weight when we compared pret e rm AGA to SGA newborns. This finding suggests that nutritional status exerts some influence on t h e distal maturation of the muscle tone in pre t e rm newborns.
When analyzing the evolution of muscle tone in the pre t e rm groups from birth to 40 weeks postconceptional age, both pre t e rm groups pre s e n te d significant increase in all the indicators of muscle tone demonstrating that its maturation occurs grad u a l l y, following postcoceptional, independent of the initial nutritional status. The comparison of m u scle tone among groups matched at 40 weeks postconceptional age showed significant diff e re n c e s . Except for the indicators posture and wrist -flexi-on, term AGA newborns had better scores than t e rm SGA or pre t e rm newborns, suggesting that the a s s ociation of prematurity and low birth weight magnifies its influence on muscle tone.
In a previous study, Knobloch, did not observ e d any posture that characterized a specifically gestational age 2 2 . Prechtl and Beintema agree that there is not an age-dependent posture 2 3 . Our findings a re similar to these authors since the posture indic ator does not presented significant diff e rence between the studied groups. However, the classical study of Saint-Anne Dargassies showed diff e re n t results. She observed an increased joint mobility p romoting a more extended posture in pre t e rmnewborns when matched with term newborns 13 .
K u rt z b e rgand collaborators re p o rted re d u c e d flexor tone (posture, arm traction, arm recoil and leg recoil) in pre t e rmnewborns at 40 weeks 2 4 . Palmer and collaborators observed significant diff e rence concerning arm re c o i l 2 1 . In our study the arm recoil maneuver was significantly diff e rent between the matched pre t e rm and term groups. According to Saint-Anne Dargassies this fact can be possibly explained by the intrauterine space that does not offer limit and resistance to the joints 13 .
K u rt z b e rg and collaborators have observed diff e rences in the popliteal angle between term and p re t e rm newborns. In their study appro x i m a t e l y 90% of the term newborns and 54% of pre t e rm n e w b o rns presented popliteal angle smaller than 120 degre e s 2 4 . Our results did not differ from literat u re. In the group of AGA term infants, the popliteal angle had a median 107.5 ±12.3 degrees, while p re t e rmAGA and SGA presented a median angle of 122.4 ± 7.1 and 125.6 ±14.7 degrees re s p e c t i v el y.
C o n c e rning the scarf sign maneuver, our re s u l t s w e re in accordance to the previous findings of SaintAnne Darg a s s i e s 1 3 as pre t e rm newborns pre s e n t e d significantly bigger displacements of the elbow in relation to the trunk than the term infants.
In a recent study authors compared obstetric , pediatric and a neurological scale based on muscle tone assessment to evaluate gestational age in p ret e rminfants. The neurological scale was as accurate as the others 25 .
The influence of extra-uterine development in p re t e rmnewborns has been a subject of many previous papers, mainly in the field of neuro p h y s i o l og y. However, diff e rences in methodology have lead to divergent opinions. Some re s e a rchers agree that CNS maturation occurs independently of the extra uterine development 2 6 -2 8 , in the other hand others have showed delayed EEG features in pre t e rm newb o rns when matched with term 2 9 . When analyzing both approaches (neurphysiological and muscle tone assessment) it seems that the last methodology is m o re sensitive to detect diff e rences between pret e rmand term newborns, when matched at term.
In a recent paper, Sarnat has demonstrated that c o rticospinal and corticobulbar tracts are immature at birth in terms of myelination and terminal axonal sprouting and this immaturity can influence muscle tone and posture 3 0 . These findings might explain the modifications observed in our study among the first and second assessment in the pre t e rm groups.
Muscle tone assessment of pre t e rm infants does not seem to be influenced by birth weight, however evolution is clearly related to postconceptional age. On the other hand, when we compared t h e two groups of term newborns among themselves (AGA and SGA) it seems to have a clear influence of the birth weight on some indicators of the muscle tone.
In conclusion, we have observed that pre m a t u r ity and intrauterine malnutrition are influential f a ctors in some indicators of the newborn muscle tone state. The evolution of muscle tone in pre t e rm n e wb o rns occurs gradually according to the incre a s e of postconceptional age, independent of birth weight. Muscle tone in term newborns is influenced by birth weight .The use of scales and devices such as the goniometer allowed us to perform a more reliable and objective assessment of muscle tone and helped to quantify our findings.
